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FOREWORD 


This  bulletin  is  a guide  for  making  voltage  drop  calculations  on 
distribution  primary  lines  of  standard  REA  designs. 

Voltage  drop  factors  have  been  calculated  for  use  with  distances 
in  kilometers  rather  than  in  miles. 

Previously,  voltage  drop  factors  were  available  only  for  0.90 
power  factor  lagging.  Voltage  drop  factors  have  now  been  included 
for  0.85  and  0.95  power  factor  as  well.  Also  included  are  voltage 
drop  factors  for  URD  cable. 

Although  34.5  kV  is  not  recognized  as  a distribution  voltage  by 
REA,  voltage  drop  factors  have  been  included  for  34.5  kV  overhead 
construction. 

A discussion  of  the  use  of  a computer  for  voltage  drop  calculations 
has  been  added. 

This  bulletin  replaces  REA  Bulletin  45-1,  dated  March  1957. 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
Rural  Electrification  Administration 


July  12,  1978 
Supersedes  3/57 


REA  BULLETIN  45-1 


SUBJECT:  Guide  for  Making  Voltage  Drop  Calculations 


INTRODUCTION 


Rural  distribution  systems  are  to  be  designed  and  operated  so  that 
acceptable  standards  of  service  will  be  maintained.  One  of  these 
service  standards  is  the  proper  voltage  level  (see  Bulletin  169-4). 
This  bulletin  is  a guide  for  making  voltage  drop  calculations  on 
distribution  primary  lines  of  standard  REA  designs.  Examples  of 
voltage  drop  calculations  have  been  included  to  facilitate  more 
complete  understanding  of  the  procedures  and  methods  given  in  this 
guide.  Also  included  is  a blank  voltage  drop  form  which  may  be 
reproduced  locally. 


As  a basis  for  the  preparation  of  voltage  drop  calculations,  the 
following  information  relative  to  the  system  or  portion  of  the  system 
should  be  on  hand: 

1.  A Circuit  Diagram  prepared  in  accordance  with  REA  Bulletin  60-1. 
All  areas  and  loads  which  are  to  be  served  by  the  system  design 
for  which  the  voltage  drop  calculations  are  being  made  should  be 
shown  on  the  Circuit  Diagram.  Although  a Circuit  Diagram  may 
serve  the  dual  purpose  of  voltage  drop  calculations  and  section- 
alizing  studies,  a separate  Circuit  Diagram  for  the  voltage  drop 
calculations  is  recommended. 

2.  The  number  of  consumers  for  each  section  of  each  circuit  of  a 
balanced  design. 

3.  The  number  of  consumers  for  each  phase  of  each  section  of  each 
circuit  of  an  unbalanced  design. 

Basis  for  Calculation 

Individual  line  voltage  drop  calculations  should  be  based  upon  relative 
load  levels  which  are  consistent  with  the  overall  system  design  level. 
However,  this  does  not  preclude  using  the  methods  given  in  this  bulletin 
for  estimating  future  voltage  drops  using  a load  growth  rate  for  a given 
time  which  is  greater  or  less  than  the  overall  system. 


PROCEDURE 


Information  Required 
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Voltage  Drop  calculations  are  referred  to  a 120  volt  base. 

Voltage  Drop  (120  volt  base)  = ■■■ftctual., Vol tage  Drop  X 120 

System  Nominal  Voltage 


For  Example: 

Nominal  System  Voltage  = 12.47  grounded  wye/7.2  kV 
Actual  Voltage  Drop  = 360  volts 

Voltage  Drop  (120  volt  base)  = — ^ ^0  - 6 volts 

7200 


The  lines  on  the  Circuit  Diagram  are  divided  into  sections  with  the 
ends  of  the  sections  at  the  following  points: 

1.  Substations 

2.  Major  taps  and  at  the  ends  of  such  taps--(A  major  tap  is 
defined  as  a tap  having  a load  which  is  estimated  to  be  equal 
to  at  least  20  percent  of  line  load  at  that  point.) 

3.  Change  in  the  number  of  phases 

4.  Conductor  size  changes 

5.  Underground  to  overhead  changes 

6.  Large  concentrated  loads--(A  large  concentrated  load  is 
defined  as  a load  which  is  estimated  to  equal  at  least 
20  percent  of  line  load  at  that  point.) 

Balanced  Circuit  Calculations 


The  following  instructions  are  given  for  completing  the  Voltage  Drop 
Sheet  (sample  enclosed)  when  calculating  voltage  drop  on  balanced  circuits. 
A balanced  circuit  is  defined  as  a multi-phase  line  loaded  so  that  the 
estimated  load  of  any  phase  is  neither  less  than  80  percent  nor  greater 
than  120  percent  of  the  average  per  phase  load. 

Columns  1 & 2 - Starting  at  the  ends  of  the  circuit  farthest  from  the 
substation,  designate  the  section  being  considered  by  the  same  designation 
used  to  identify  the  points  previously  marked  on  the  Circuit  Diagram  to 
indicate  the  ends  of  the  sections.  For  example,  "3AC13-3A16M  on  Exhibits 
3 and  5 designates  the  "V"  phase  line  composed  of  phases  A & C between 
points  13  and  16  of  circuit  number  3. 

Column  3 - This  column  shows  the  number  of  consumers  (corresponding  to 
the  system  design)  within  the  section  including  minor  taps  within  the 
section. 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
Rural  Electrification  Administration 


December  12,  1978 

SUBJECT:  Replacement  Pages  and  Pen  and  Ink  Changes  for  REA 

Bulletin  45-1,  Guide  for  Making  Voltage  Drop 
Calculations 

TO:  Electric  Borrowers  and  Consulting  Engineers 


Attached  are  replacement  copies  of  pages  15,  16  and  17.  Please 
remove  old  pages  15,  16  and  17  from  your  copy  of  REA  Bulletin 
45-1  and  insert  the  replacement  pages. 


Also,  please  make  the  following  pen  and  ink  changes  to  this 
bulletin. 

Exhibit  3 - change  point  designation 
"3836"  to  M3B36" 


Page  13  - last  equation  on  the  page  should  read: 

_ (kW)  (r  cos  0 + x sin  0)  (120) 

(kV)2  (cos  0)  (P)  (1000) 
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Column  4 - This  column  shows  the  number  of  consumers  beyond  the  section 
being  considered  that  are  supplied  power  which  must  flow  all  the  way 
through  this  section.  This  number  is  obtained  by  adding  the  numbers  in 
Column  3 which  pertain  to  sections  beyond  the  section  being  considered 
plus  the  number  of  consumers  in  any  taps  that  are  beyond  the  section 
being  considered  but  not  included  in  column  3. 

Column  5 - This  column  shows  the  equivalent  number  of  consumers  that  are 
supplied  through  the  section  being  considered.  This  number  is  obtained 
by  adding  one-half  the  consumers  shown  in  column  3 to  the  number  of 
consumers  shown  in  column  4.  The  number  in  column  3 is  multiplied  by 
one-half  in  order  to  reflect  the  fact  that  the  load  is  spread  over  the 
entire  section  rather  than  being  concentrated  at  the  end  of  the  section. 

Column  6 - This  column  shows  the  average  kilowatt  hour  consumption  per 
consumer  per  month  used  for  the  circuit. 

Column  7 - The  peak  kilowatt  demand  for  the  number  of  consumers  shown 
in  column  5 is  entered  in  this  column.  Peak  kilowatt  demand  is  read 
directly  from  the  Demand  Tables  (REA  Bulletin  45-2)  for  the  number  of 
consumers  shown  in  column  5 and  the  kilowatt-hour  consumption  per 
consumer  shown  in  column  6.  Bulletin  45-2  also  shows  how  to  adapt  tables 
to  different  system  load  factors. 

Column  8 - Enter  the  contributing  peak  load  of  the  concentrated  loads 
within  the  section  being  considered. 

Column  9 - Enter  the  contributing  peak  load  at  the  end  of  and  beyond  the 
section  being  considered. 

Column  10  " Enter  the  total  equivalent  contributing  peak  load  of  the 
concentrated  loads,  column  9 plus  one-half  of  column  8. 

Column  11  - Enter  the  total  equivalent  load  for  the  section,  column  10 
plus  column  7. 

Column  12  - Enter  power  factor  for  this  section.  Remember  to  consider 
the  load  that  flows  through  this  section  as  well  as  loads  within  this 
section.  The  power  factor  should  be  derived  by  a qualified  engineering 
study.  If  no  data  is  available,  use  90  percent  power  factor. 

Column  13  - Enter  the  conductor  size  (aluminum)  used  in  this  section. 

If  copper  conductor  is  used,  the  equivalent  size  aluminum  conductor  is 
generally  two  sizes  larger.  (See  Appendix  A.)  Also,  note  if  this  section 
is  underground. 

Column  14  - Indicate  the  number  of  phases  in  the  section  being  considered. 

Column  15  - Indicate  the  line- to-ground  voltage  (in  kilovolts)  of  the 
line. 
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Column  16  - These  values  are  from  Appendix  A for  the  power  factor, 
conductor  size,  number  of  phases,  and  voltage  given  in  columns  12,  13, 

14  and  15. 

Column  17  - Show  the  total  length,  in  kilometers,  of  the  section  being 
considered. 

Column  18  - Show  the  kilowatt-kilometers  which  are  the  product  of  the 
figures  in  columns  11  and  17. 

Column  19  - Enter  the  voltage  drop  in  the  section.  Tliese  values  are 
obtained  by  applying  the  equation: 

Voltage  Drop  (120  volt  base)  = (Total  kW)  (Kilometers)  (Voltage  Drop  Factor) 

1000 

_ (Column  18)  (Column  16) 

1000 

Column  20  - This  column  shows  the  voltage  drop  at  the  load  end  of  each 
section.  The  values  are  found  by  starting  with  the  section  nearest  to 
the  source  and  summing  up  the  voltage  drops  in  all  the  sections  between 
the  source  and  the  section  being  considered,  including  the  voltage  drop 
in  this  section.  The  voltage  drop  thus  caluclated  applies  at  the  load 
end  of  each  section  being  considered. 

Column  21  - This  column  shows  the  point  at  which  the  calculated  voltage 
drop  applies.  The  designation  is  that  of  the  load  end  of  the  respective 
sections,  same  as  column  2. 

Unbalanced  Circuit  Calculations 


On  unbalanced  circuits  the  voltage  drop  is  calculated  for  each  phase 
separately  for  the  loads  on  that  particular  phase  only.  An  unbalanced 
circuit  is  defined  as  a multiphase  line  loaded  so  that  the  estimated 
load  of  any  phase  is  less  than  80  percent  or  greater  than  120  percent  of 
the  average  per  phase  load.  On  unbalanced  circuits  the  voltage  drop 
factor  for  "V"  phase  lines  is  twice  the  "V"  phase  voltage  drop  factor  for 
balanced  circuits  (for  overhead  circuits  twice  the  "VM  phase  voltage  drop 
factor  is  equal  to  the  single-phase  voltage  drop  factor),  and  for  three- 
phase  lines,  it  is  equal  to  three  times  the  voltage  drop  factor  for  three- 
phase  balanced  circuits. 


REPORT  OF  CALUCLATIONS 
AND  RESULTS 

A complete  report  of  the  calculations  and  results  should  consist  of  the 
following: 
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1.  Basic  Data 

a.  Tabular  summary  of  all  consumers  by  classifications. 

b.  Tabular  summary  of  the  number  of  concentrated  loads  (such  as 
irrigation,  oil  well  pumping,  etc.)  with  their  kW  demands. 

c.  Design  kWh/mo. /con.  for  all  consumers,  except  for  those 
included  in  (b)  above. 

2.  Completed  Voltage  Drop  Circuit  Diagrams. 

3.  Voltage  Drop  Sheets. 

4.  Explanatory  Comments: 

a.  Basis  for  design  kWh/mo. /con.  for  the  system. 

b.  Basis  for  design  kWh/mo. /con.  for  the  substations  and  feeders. 

c.  Basis  for  calculating  contribution  demand  of  such  loads  as 
irrigation,  oil  well  pumping  or  house  heating. 

d.  Basis  for  power  factor 

The  basic  data  should  be  developed  and  presented  in  such  a manner  as 
to  show  the  number  and  size  of  all  loads  considered  and  as  to  facilitate 
future  voltage  analysis  required  due  to  unforeseen  changes  in  loading. 

Completed  Voltage  Drop  Circuit  Diagrams  should  be  prepared  in  accordance 
with  REA  Bulletin  60-1. 

Exhibits  4 and  5 illustrate  complete  Voltage  Drop  Sheets. 

Explanatory  comments  should  discuss  any  factors  affecting  the  calculations, 
but  which  are  not  readily  discernible  from  the  Basic  Data,  Circuit 
Diagrams  or  Voltage  Drop  Sheets.  Two  examples  would  be:  (1)  calculations 
based  upon  summer  loading  plus  irrigation  and  air  conditioning,  (2) 
calculations  based  upon  winter  loading  excluding  irrigation  and  air 
conditioning.  Before  any  changes  are  made  to  the  system,  such  as  recon- 
ductoring,  the  voltage  at  the  points  in  question  should  be  measured  using 
a meter  in  order  to  verify  the  calculations. 

EXAMPLES 

Examples  of  voltage  drop  calculations  have  been  included  to  facilitate 
more  complete  understanding  of  the  procedures  and  methods  given  in  this 
guide.  Exhibits  1,  2 & 3 are  excerpts  from  a complete  circuit  diagram 
which  have  been  modified  for  purposes  of  illustration.  No  diversity  was 
included  in  the  samples.  Diversity  may  be  taken  into  account  in  accordance 
with  REA  Bulletin  45-2,  "Demand  Tables,"  and  should  be  noted  as  part  of  the 
explanatory  comments. 
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The  circuit  diagram  and  voltage  drop  calculations  for  circuit  1ABC  are 
shown  in  Exhibits  1 and  4.  This  circuit  has  a balanced  load  as  defined 
in  the  instructions  for  calculations  of  balanced  circuits.  All  con- 
centrated loads  and  taps  between  points  1ABC1  and  1ABC13  are  included 
in  one  section  for  voltage  drop  calculation  purposes.  This  is  in 
accordance  with  the  "Basis  for  Calculations,"  given  in  the  procedure. 
Applying  these  rules  for  determining  sections  for  voltage  drop  cal- 
culations results  in  fewer  calculations,  but  does  little  to  decrease 
the  accuracy  of  the  calculations. 

The  circuit  diagram  and  voltage  drop  calculations  for  circuit  2ABC  are 
shown  in  Exhibits  2 and  4.  This  circuit  has  an  unbalanced  load  as 
defined  in  the  instructions  for  calculations  of  unbalanced  circuits. 

Each  phase  and  its  associated  loads  are  calculated  independently. 
Unbalanced  circuit  calculations  are  less  accurate  than  balanced  circuit 
calculations.  Where  circuit  parameters  and  loads  make  unbalanced  design 
an  economic  necessity,  they  are  considered  necessary  but  not  desirable. 
For  such  circuits,  voltage  drop  calculations  as  illustrated  are  suf- 
ficiently accurate  for  design  purposes. 

The  circuit  diagram  and  voltage  drop  calculations  for  circuit  3ABC  are 
shown  in  Exhibits  3 and  5.  This  example  is  included  to  illustrate 
voltage  drop  calculation  procedure  when  a voltage  regulator  is  to  be 
used.  The  procedure  does  not  change.  Voltage  drop  calculations  are 
not  influenced  by  the  fact  that  a voltage  regulator  is  to  be  included. 
Having  completed  the  voltage  drop  calculations,  the  voltage  regulator 
is  shown  on  the  circuit  diagram  at  the  "half-voltage-drop"  point.  Also, 
note  that  the  summary  of  loads  for  circuit  3ABC  shows  a 35  kW  off-peak 
load  (No.  10  on  Exhibit  3)  which  although  connected  to  the  circuit  is 
not  included  in  the  calculations. 

Please  note  that  when  a copper  conductor  is  used,  the  entry  on  the 
voltage  drop  form  is  that  of  the  equivalent  size  aluminum  conductor 
(normally  two  AWG  sizes  larger).  (See  Appendix  A) 
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APPENDIX  A 
VOLTAGE  DROP  FACTORS 


Voltage  drop  for  known  source-end  and  lagging  power  factor  conditions 
may  be  calculated  from  the  following  equation: 

Voltage  Drop  = I(r  cos  9 + x sin  9) 

Where:  I = Line  current  in  amperes 

9 = Phase  angle  between  voltage  and  current 
r = Resistance  of  line  in  ohms 
x = Reactance  of  line  in  ohms 

It  can  be  seen  from  the  vector  diagram  that  this  approximate  equation 
is  sufficiently  accurate  for  the  magnitude  and  phase  angle  of  the 
vectors  resulting  from  normal  system  designs. 


Line  current  may  be  expressed  in  terms  of  kilowatts  and  voltage  as 
follows : 

T = kW 

(kV)  (cos  9)  (P) 

Where:  kW  = Circuit  load  in  kilowatts 

kV  = System  nominal  phase- to- ground  voltage  in 
kilovolts 

P = Number  of  phases 

Voltage  drop  referred  to  a 120  volt  base  (VD)  is  expressed  as  follows: 

yp  _ Actual  Voltage  Drop  (120) 

System  Nominal  Voltage 

Using  the  above  equations  for  line  current  and  voltage  drop  referred 
to  a 120  volt  base  (VD),  the  equation  for  voltage  drop  becomes: 

yr-j  _ (kW  (r  cos  9 + x sin  9)  (120) 

(kV)2 

(cos  9)  (P)  (1000) 

The  equation  for  (VD)  expressed  in  per  kilometer  units  is  written  as 
follows : 
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VD  = (kW)  (R  cos  9 + X sin  Q)  (S)  (120) 

(kv)2  (cos  e)  (P)  (1000) 

Where:  R = Resistance  in  ohms  per  phase  per  kilometer  of  line 
X = Reactance  in  ohms  per  phase  per  kilometer  of  line 
S = Line  distance  in  kilometers 

Letting  the  following  factor  be  designated  the  voltage  drop  factor 
( VDF ) : 


(R  cos  Q + X sin  9)  (120) 

(kV)2  (cos  0)  (P) 

the  equation  for  (VD)  becomes: 

VD  = (kW)  (S)  (VDF) 

1000 

Tables  I,  II,  and  III  give  the  Voltage  Drop  Factors  (VDF)  for  calculating 
voltage  drops  of  overhead  and  underground  (URD)  distribution  lines  con- 
structed in  accordance  with  REA  standard  specifications.  Voltages  given 
in  the  tables  are  line- to-neu tral  voltages. 

The  following  table  gives  the  equivalent  aluminum  size  conductor  for 
given  copper  sizes. 


Aluminum  Copper 

336.6  kcmil  4/0 

266.8  kcmil  3/0 

4/0  2/0 

3/0  1/0 

2/0  1 

1/0  2 

2 4 

4 6 

6 8 
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APPENDIX  B 

CALCULATING  VOLTAGE  DROPS  BY  COMPUTER 


There  are  about  as  many  ways  to  write  a computer  program  as  there 
are  computer  programmers.  Also,  a program  written  for  one  computer 
may  not  work  on  another.  The  computer  input  and  output  shown  in 
this  appendix  is  just  an  example  of  what  can  be  done. 

This  particular  program  keeps  a record  of  the  number  of  users  beyond 
each  section,  relieving  the  engineer  of  this  duty.  A numeric  identifier 
for  each  point  is  used  by  the  program  rather  than  the  alpha-numeric 
identifier,  although  the  alpha-numeric  identifier  is  used  in  the  output. 


When  the  program  is  run  on  a time  sharing  computer  terminal,  it  will 
calculate  the  equivalent  number  of  consumers  (column  5 of  the  voltage 
drop  sheet)  and  will  request  the  peak  kW  (column  7 of  the  voltage  drop 
sheet).  This  figure  is  obtained  from  Bulletin  45-2,  Demand  Factors. 
The  program  then  calculates  the  sectional  voltage  drops  and  the  total 
voltage  drop  at  the  end  of  each  section. 


The  major  portion  of  the  program  deals  with  sorting  the  data  because 
the  sectional  voltage  drops  depend  on  the  load  after  the  section  and 
the  total  voltage  drops  depend  on  the  sectional  voltage  drops  before 
the  section  in  question.  The  equations  below  are  used  in  calculating 
voltage  drops: 


Equivalent  consumers  = 


(Consumers  this  section) 

2 

+ (Consumers  beyond  this  section) 


Equivalent  concentrated  load  = Ig2”fg.?.tr.ated  load  this_section) 

+ (Concentrated  load  beyond 
this  section) 


Total  kW  = (Peak  kW)  + (Equivalent  concentrated  load) 

Sectional  voltage  drop  = (Total  kW)  (Length  of  section)  (VDF) 

1000 


If  a hard  copy  printout  is  not  necessary,  the  above  equations  may  be 
used  with  a programmable  calculator.  Such  a calculator  could  be  used 
to  find  the  sectional  voltage  drops.  A calculator  may  not  have  the 
memory  or  program  storage  available  to  find  total  voltage  drops.  The 
user  would  probably  have  to  keep  a record  of  the  number  of  consumers 
and  the  amount  of  concentrated  loads  beyond  each  section. 
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A sample  input  and  output  from  a computer  terminal  follows, 
included  is  description  of  the  input  data  file. 


EGUIV  ENTER 

SECTION  CONSUMERS  PEAK  kUI 


1A17  - 

1 A 1 0 

nr 

vJ 

? 

9 

1 A 1 6 •- 

1A1.7 

16 

? 

/•)  /•} 

:1AM  5 - 

1 A 1 6 

26 

? 

33 

1B20 

1 B 2 1 

rr 

? 

9 

1AM  5 - 

1.B20 

38 

•q> 

45 

1 ABC 14  - 

1 AMO 

92 

? 

101 

1 ABC 13  - 

1 ABC 14 

100 

7 

107 

1 ABC 13  - 

1C24 

20 

? 

n~7 

A*.  / 

1 ABC 1 - 

1 ABC  13 

202 

? 

203 

VOLTAGE 

DROP  BY 

SECTION 

VOLTAGE 

TOTAL  VOL 

TAGE  DR Of 
VOLTAGE 

SECTION 

DROP 

POINT 

DROP 

1 ABC 1 - 

1 ABC 13 

4.35 

1 ABC 13 

4.35 

1 ABC 13  - 

1 C24 

1.43 

1C24 

5.78 

1 ABC 13  - 

1 ABC 14 

.33 

1 ABC 14 

4 . 68 

1 ABC  14  -• 

1 A B 1 5 

1 ♦ 27 

1 A B 1 5 

5.95 

1AB15  - 

1 B20 

1.42 

1 B 2 0 

7.37 

IB 20  - 

1B21 

.06 

1B21 

7 . 43 

1 AB 15  - 

1 A 1 6 

♦ 36 

1A.1.6 

6.31 

1 A 1 6 ~ 

1 A 1 7 

.26 

1 A 1 7 

6.57 

1 A17  - 

1 A 1 8 

.21 

1 A 1 8 

6 . 78 

Also 


OUTPUT  FROM 


COMPUTER 


TERMINAL 
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INPUT  DATA  FILE 

Column  Description 


1 

2 (First  line  only) 

2 (All  other  lines) 

3 

4 

5 

6 

7 

8 
9 

10 

11 


Line  numbers  (ignored  by  program) 

Number  of  sections 

Same  as  column  1 of  Voltage  Drop 
Sheet 

Numeric  identifier  for  point  in 
Column  2 

Same  as  columns  2 and  21  of  Voltage 
Drop  Sheet 

Numeric  identifier  for  point  in 
Column  4 

Same  as  column  3 of  Voltage  Drop 
Sheet 

Number  of  consumers  on  taps  (not 
other  identified  sections) 
connected  to  point  identified  in 
Column  4. 

Same  as  column  8 of  Voltage  Drop 
Sheet 

Concentrated  loads  on  located  on 
taps  connected  to  point  identified 
in  column  4 

Same  as  column  16  of  Voltage  Drop 
Sheet 

Same  as  column  17  of  Voltage  Drop 
Sheet 


ooioo 

9 

001.10 

1 A 1 7 

O 

1A.1.8 

7 

00120 

1 A 1 6 

5 

1 A 1 7 

6 

00130 

1AB15 

4 

1 A 1 6 

5 

00140 

1B20 

8 

1B21 

9 

00150 

1.AB15 

4 

1 B 2 0 

8 

00160 

1 ABC 14 

3 

1AB15 

4 

00170 

1 ABC 13 

1 ABC 14 

3 

00180 

1 ABC 13 

An 

1C24 

10 

00190 

1 ABC  1 

1 

1 ABC 13 

o 

A*.. 

10 

o 

0 

0 

4 , 5 7 

5,0 

6 

3 

0 

0 

4.57 

2.6 

4 

5 

0 

0 

4.57 

2,4 

10 

0 

0 

0 

4.57 

1,4 

43 

6 

0 

0 

4 v 5 7 

6 , 9 

10 

0 

0 

0 

2 ♦ 29 

5 ♦ 5 

5 

0 

12 

25 

1 , 2 6 

1 , 9 

40 

0 

0 

0 

4 , 57 

1 1 , 6 

20 

0 

209 

0 

1 * 26 

10,0 

INPUT 


DATA 
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APPENDIX  C 

METRIC  CONVERSION  FACTORS 

It  is  recognized  that  some  circuit  diagrams  may  use  dimensions  in 
miles  rather  than  kilometers.  The  following  conversion  factor  is 
given  for  use  in  converting  circuit  diagrams  to  metric. 

1 mile  = 1.609  kilometers 
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APPENDIX  D 


Attached  is  a copy  of  a blank  voltage  drop  sheet  for  local  reproduction. 
REA  will  not  stock  this  form. 


*U.S.  GOVERNMENT  PRINTING  OFFICE  : 1978  0-261 -520/REA-99 
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BEYOND 

SECTION 

kWh 

MONTH 

Pkw  K 

SECTION 

BEYOND 

EQUIV. 

SECTION 

SECTION 

TOTAL 

POINT 

1 
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4 
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6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
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mm 


